Context. The far-infrared (FIR) lines are important tracers of the cooling and physical conditions of the interstellar medium (ISM), and are rapidly becoming workhorse diagnostics for galaxies throughout the universe. There are clear indications of a different behavior of these lines at low metallicity that needs to be explored. Aims. Our goal is to explain the main differences and trends observed in the FIR line emission of dwarf galaxies compared to more metal-rich galaxies, and how this translates in ISM properties. Harboring compact phases of a low filling factor and a large volume filling factor of diffuse gas, the ISM of low-metallicity dwarf galaxies has a more porous structure than that of metal-rich galaxies.
Introduction
Low-metallicity environments, such as nearby star-forming dwarf galaxies, are ideal laboratories for examining conditions for star formation in objects as chemically unevolved as highredshift galaxies. They are good candidates with which to study and address fundamental questions such as: How do the physical Herschel is an ESA space observatory with science instruments provided by European-led Principal Investigator consortia and with important participation from NASA.
conditions of star-forming regions vary as a function of the elemental enrichment? What controls the energy balance, heating and cooling, in the different interstellar medium (ISM) phases and shapes the morphology of dwarf galaxies? What are the roles of the different ISM phases in the integrated view of galaxies?
Spectroscopy in the far-infrared (FIR) provides a unique and unobscured view of the ISM properties and conditions for star formation. The FIR cooling lines, less affected by dust attenuation than optical lines, are powerful probes of the star formation activity, linking them directly to the surrounding medium from A&A proofs: manuscript no. cormier_dgs_spectro which these stars are born. The fine-structure lines [C ii] 157 µm, [O i] 63 µm, and [O i] 145 µm are important coolants of moderately dense (n H > 10 cm −3 ) warm (T ∼ 100 − 300 K) neutral ISM and are among the brightest cooling lines in star-forming galaxies. The [N ii] 122 and 205 µm and [O iii] 52 and 88 µm lines are tracers of ionized gas. Together, they can be used as diagnostics of the FUV flux, gas density, temperature, and filling factor of the photodissociation regions (PDR) and ionized regions (e.g., Tielens & Hollenbach 1985; Wolfire et al. 1990 ; Kaufman et al. 2006 PAHs, etc.) , they provide a comprehensive view on conditions and excitation processes in star-forming regions.
The [C ii] 157 µm line has been studied in a variety of objects, such as Galactic PDRs (e.g., Bennett et al. 1994; Pineda et al. 2013) , normal spiral galaxies (Stacey et al. 1991; Malhotra et al. 1997; Negishi et al. 2001; Brauher et al. 2008 ), lowmetallicity galaxies (Poglitsch et al. 1995; Madden et al. 1997; Hunter et al. 2001; Israel & Maloney 2011; Cigan et al. submitted to ApJ), ultra-luminous IR galaxies (ULIRG, Luhman et al. 1998; Farrah et al. 2013) , and high-redshift galaxies (Maiolino et al. 2009; Stacey et al. 2010; Hailey-Dunsheath et al. 2010; Swinbank et al. 2012; De Breuck et al. 2014) . From those studies (see Genzel & Cesarsky 2000 , for a review), the [C ii] line emerges as the brightest cooling line of the ISM in star-forming galaxies and as a good tracer of the star formation activity, accounting for ∼0.1-1% of the FIR luminosity (e.g., Stacey et al. 2010; Pierini et al. 2003; Boselli et al. 2002; De Looze et al. 2011 , 2014a Sargsyan et al. 2014) . A deficit in the FIR line intensities is, however, found in luminous IR galaxies (e.g., Luhman et al. 2003; Graciá-Carpio et al. 2011; Croxall et al. 2012; Díaz-Santos et al. 2013) . The origin of the [C ii] line has been debated in extragalactic studies as it can arise from molecular, neutral atomic, and ionized gas phases. Characterizing unambiguously the ISM conditions thus requires the use of additional FIR cooling lines (such as [N ii] or [O i]) . In dwarf galaxies, the FIR lines were only detected by the KAO and ISO LWS in bright or Local Group dwarf galaxies (e.g., Poglitsch et al. 1995; Israel et al. 1996; Madden et al. 1997; Hunter et al. 2001) . These studies found that the FIR lines are exceptionally bright compared to the dust emission. The brightness of the FIR lines contrasts with the faint CO emission, resulting in high [C ii]-to-CO(1-0) ratios in low-metallicity galaxies (Madden 2000; Cormier et al. 2014; Madden et al. in prep.) . While CO suffers from photodissociation, large amounts of H 2 can potentially be present in lowmetallicity PDRs owing to self-shielding. This H 2 gas not traced by CO is known as the CO-dark gas (e.g., Wolfire et al. 2010) . Interpreting the FIR observations in terms of excitation led to the first evidence of such a reservoir of dark gas, not seen by CO but by C + (Poglitsch et al. 1995; Israel et al. 1996; Madden et al. 1997) . This demonstrates the potential of the FIR lines as calibrators of the dark gas at low metallicity and star formation tracers (De Looze et al. 2014a ) that could be used for high-redshift studies.
The advent of the Herschel Space Observatory (Pilbratt et al. 2010 ) has provided a unique opportunity to study the dust and gas properties in larger samples of chemically unevolved systems. The Herschel Guaranteed Time Key Program "The Dwarf Galaxy Survey" (DGS; Madden et al. 2013 ) is a 230 hours project which observed 50 dwarf galaxies with the PACS (Poglitsch et al. 2010) and SPIRE (Griffin et al. 2010) instruments. Details about the program are presented in Madden et al. (2013) , which also contains a list of the dwarf galaxies and their general properties. We summarize the main characteristics here. The galaxies of the sample have metallicities ranging from ∼1/40 Z (I Zw 18) to near solar (He 2-10), and star formation rates ranging from ∼5×10 −4 M yr −1 (UGC 4483), to ∼25 M yr −1 (Haro 11). They have different shapes (irregulars, spirals, etc.) , and all of them are nearby galaxies, no further than 200 Mpc. The PACS (70, 100, and 160 µm) and SPIRE (250, 350 , and 500 µm) photometry probe the dust emission in the FIR/submillimeter (submm). These data are essential to constrain spectral energy distribution (SED) models and investigate the dust properties. The photometry of the DGS is presented in Rémy-Ruyer et al. (2013) and has revealed, among other results, the presence of warmer dust than in metal-rich galaxies, the presence of an excess emission in the submm in several dwarf galaxies, and lower dust-to-gas mass ratios than expected at the lowest metallicities (Rémy-Ruyer et al. 2014) . The PACS (55-210 µm) and SPIRE (195-670 µm) spectrometers give access to the FIR fine-structure cooling lines, the CO ladder, from J = 4 − 3 to J = 13 − 12, and fainter lines of other molecules such as H 2 O, HCN, OH + , etc. By probing different ISM phases, they provide information on the filling factors and physical conditions of these phases, as well as on the ISM morphology. The dust and gas observations together reveal a coherent multiphase picture of the ISM.
In this paper, we present the observations and results of the FIR lines obtained with the PACS instrument onboard Herschel in 48 galaxies of the DGS. Section 2 describes the data reduction and flux extraction. The observations are interpreted empirically with correlation diagrams and compared to the ISO-LWS work of Brauher et al. (2008) on mostly solar metallicity objects in Sect. 3. The data are further analyzed with H ii region/PDR models in Sect. 4 to contrast the physical conditions characteristic of the ISM of dwarf galaxies to those of more metal-rich galaxies. We discuss our results in terms of ISM properties and filling factors of the ionized and neutral phases in Sect. 5. More specific modeling of the PDR conditions in the dwarf galaxies will be performed in a subsequent paper that we refer to as Paper II.
Data

Herschel PACS spectroscopy
Observing details
The PACS spectrometer observed 48 galaxies as part of the DGS and SHINING programs, in a total time of 152.7 h. Only the two, faint galaxies Tol 0618-402 and UGCA 20, which are part of the DGS sample (50 galaxies), were dropped from the PACS spectroscopy program because of time constraints. The PACS array consists or 5×5 spatial pixels (or spaxels) covering a total field of view of 47 ×47 . The beam size is ∼9 and 12 and the spectral resolution 90 km s −1 and 240 km s −1 at 60 µm and 160 µm, respectively (Poglitsch et al. 2010) . We obtained pointed observations for the most compact objects, small mappings for more extended galaxies, and partial mappings of specific star-forming regions for the most extended galaxies (d 25 >6 typically), such as the Magellanic Clouds. We define an extended source sample for the galaxies partially mapped or for which the size of the maps do not match for all observed lines. This sample comprises 4 Local Group galaxies, IC 10, NGC 6822, LMC (8 regions targeted), and SMC, and the nearby galaxy NGC 4449. The other 43 galaxies of the DGS are classified as compact (see also Sect. 2.1.7).
The dwarf galaxies were observed between November 2009 and August 2012. 46 sources were done in chop-nod mode and 6 sources in unchopped mode. The number of targeted spectral line varies from just [C ii] 
Properties of the FIR lines
General characteristics of the FIR fine-structure cooling lines observed with PACS are given in Table 1 .
[C ii] 157 µm: The [C ii] line is one of the most important coolants of the ISM, as carbon is the fourth most abundant element. [C ii] is excited by collisions with e − , hydrogen atoms, or molecules. The ionization potential of C 0 being 11.26 eV, below that of hydrogen, C + can be found outside of H ii regions, in the neutral phase. It requires only 91.3 K to be excited hence it can cool any warm neutral phase. Thus C + can originate from diffuse ionized gas as well as diffuse neutral gas or the surface layers of PDRs (up to A V ∼5 mag). The relative contribution of each medium to its observed intensity is a function of density and ionization degree (e.g., Kaufman et al. 2006) .
[ (Oberst et al. 2006) .
[N iii] 57 µm: The [N iii] 57 µm emission only arises in ionized gas and is usually associated with H ii regions. Being at two different ionization stages, the ratio of [N iii] 57 /[N ii] 122 is a measure of the effective temperature of the ionizing stars (Rubin et al. 1994) .
[ (Liseau et al. 2006 ). In the optically thin limit, the [O i] 63 µm, just above the ground state, is brighter than the 145 µm line.
[O iii] 88 µm: The [O iii] 88 µm line is only found in the ionized gas, and because it requires energetic photons (35 eV), it is commonly accepted that it comes from H ii regions rather than inter-clump diffuse media where radiation fields are expected to be softer. The [O iii] transition at 52 µm ( 3 P 2 − 3 P 1 ) is at the edge of the PACS wavelength coverage and was not observed in our survey. 
Data reduction
The data were downloaded from the Herschel Science Archive and reduced with the Herschel Interactive Processing Environment (HIPE, Ott 2010) user release 12 and the PACS calibration tree v65. We reprocessed the observations from the raw data (level 0) to spectral data cubes (level 2) using the standard pipeline scripts available within HIPE. We opted for the telescope background normalization calibration method for all chopnod observations, except for the [N ii] 205 observations which were processed with the de-leaked RSRF provided in HIPE 1 . In the first part of the pipeline (level 0 to level 0.5), the astrometry and information from the instrument are read. Masks for bad and noisy pixels, and for when the chopper and grating are moving are also applied. From level 0.5 to level 1, glitches are flagged, and the calibration is applied. In the chop-nod case, signal from the chopper position is subtracted. From level 1 to level 2, a spectral flat-field correction is applied, and outlier data points are masked by a sigma-clipping. The flat-field scaling is both multiplicative and additive for chop-nod observations, and additive only for unchopped observations. In the unchopped case, a transient correction and background subtraction are also executed. For the transient correction, we applied a multi-resolution method as described in Lebouteiller et al. (2012) . For the background subtraction, we used a procedure that smoothes and averages the OFF-spectra taken before and after an ON-spectrum in time (when several OFF-frames are available), and then subtracts it from the ON-frame.
Spectral maps
The data are saved as spectral cubes before they are rebinned and projected onto a final spatial grid in the pipeline script. Once the spectral cubes (one cube per raster position) are exported from HIPE, we used the software PACSman version 3.57 for the analysis .
The first step is to fit the spectral lines and measure the line flux in all the spatial positions. A polynomial curve of order 1 or 2 is first fit to the continuum, and then a simultaneous fit to the continuum and line is performed with the IDL procedure mpfitfun (Markwardt 2009 ). The line profile is assumed to be Gaussian, although skewed profiles can be seen if the observed object is a point-source not centered on the array. Only UM 448
shows clear asymmetric and wider profiles in several spaxels, but since we have made mini-maps for this galaxy, the better centered spaxels are well-enough fitted by a Gaussian profile, and we can reliably recover the total flux of this galaxy. By default, the continuum is defined as the part of the spectrum within 2 − 6 FWHM of the line center. The width of the Gaussian is taken as the instrumental width, plus a broadening when necessary. The PACS line profiles are sometimes found larger than the instrumental profile, necessitating broadened line fits. We report on the broadening parameters of the FIR lines in Appendix E.
To estimate the uncertainty on the fit parameters, we use a Monte Carlo approach. We randomly perturb the data within their error bars, fit the line, iterate the process 100 times, and take as final fit parameters the median of the resulting values, and as error on those parameters the standard deviation. An additional 15% absolute flux calibration uncertainty is to be considered 1 . For the irregular galaxy IC 10, the [C ii] spectra are contaminated by emission from the Milky Way. This emission appears at +320 km s −1 relative to IC 10, with a peak of ∼1.8 Jy, and is fairly uniform across our [C ii] map. The separation between the two emission peaks is large enough to clearly identify the respective contributions. Thus to extract the flux only from IC 10, we fit simultaneously two Gaussians. We also note that OFF-spectra are not available for several observations in LMC-30 Doradus (OBSIDs 1342231280, 1342231282, 1342231283, 1342231285) , LMC-N11 B (OBSIDs 1342188940, 1342188941), and NGC 4449 (OBSIDs 1342197813, 1342197814), resulting in variations across wavelength of a few Jy typically in the baselines of the ON-spectra. For NGC 4449 and LMC-N11 B, we model those variations with a sinusoidal component of low frequency to improve the baseline fit. For LMC-30 Dor, no sinusoid is required as those variations are not significant compared to the line strength and thus do not affect our line fits.
Once flux values are calculated for each spatial position, the data are projected on a new grid of sub-pixel resolution of 3.1 (roughly 3 times oversampled) with a drizzling scheme. When more than one spaxel falls on the same sub-pixel, a fraction of the flux from the corresponding spaxel of each raster is considered, and the uncertainties are combined quadratically. The final flux maps, with spectra and line fits are shown for each galaxy in Appendix B.
Flux extraction
We have explored several methods to extract accurate line fluxes. For compact objects, we consider 4 methods to measure the total line flux, as it depends on how well-centered the source is on the PACS array and on the spatial extent of the source: -central: we apply a point-source correction only to the central (or brightest) spaxel. This method works only if the source is well centered on the spaxel. -psf: we fit a point spread function (PSF) to the array. -3×3: we combine the inner 3×3 spaxels before fitting the line and apply a 3×3 point-source correction.
-5×5: we combine the 5×5 spaxels of the PACS array before fitting the line and apply a 5×5 point-source correction. For final flux, we select the method that gives the highest response with a good signal-to-noise ratio. In the case of extended or elongated objects we simply perform an aperture extraction with sky subtraction when possible or consider the total flux in the area mapped. The errors are added quadratically from the error maps and multiplied by a factor of √ 9 to account for the number of sub-pixels per independent beam. We consider a spectral line detected if the S/N is ≥3, and upper limits are given as the 3σ level, from the method used for the detected lines or from the central method otherwise. Table 4 lists line fluxes as well as the method used for the flux extraction (aperture size when applicable). To summarize, these values are the most reliable measurements of the total line fluxes for the DGS galaxies. For the extended sample, we report peak surface brightnesses instead of total fluxes. 
Summary of detections
Additional sources of uncertainty
In addition to the measurement errors and uncertainties from the PACS calibration, there are other sources of uncertainty to consider when interpreting the data. We discuss two main factors.
Inhomogeneous line mapping: Although we have measured the total flux within each line map, the spatial coverages of those maps, in a given galaxy, may not match exactly. To estimate whether the total line fluxes can be directly compared with each other, we consider the 100 µm PACS photometry maps as a reference for the distribution of the FIR emission. For each spectral line, we measure the fraction of the 100 µm emission seen inside the map coverage. We find that this fraction does not vary by more than 15% for all galaxies, except for NGC 1140 for which we consider a correction factor of 20% because the [C ii] 157 map covers a larger area than the other lines. Hence we can confidently use the total fluxes reported in Table 4 to analyze line ratios.
Incomplete mapping with PACS: For 11 galaxies of the compact sample, the [C ii] 157 line is detected at a >5σ level at the edges of the PACS map. The [C ii] 157 emission is extended but not fully mapped, hence we may be missing signal when reporting total fluxes. We coarsely estimate the flux loss by measuring the dust emission from the PACS 100 µm maps inside and outside of the area covered by the [C ii] 157 maps. This way, we find a missing flux fraction of 15% for Mrk 153, Mrk 1089, Mrk 930, NGC 1569, and of 55%, 35%, 35%, 20%, and 60% for NGC 2366, NGC 4214, NGC 4861, NGC 625, and UM 311, respectively, and a fraction that we consider negligible (lower than 15%) for the other galaxies. Table 4 reports the uncorrected fluxes, and the correction factor to apply if one wants to compare the line fluxes to integrated quantities.
Comparison with ISO
Three galaxies of the DGS (Haro 11, NGC 1569, and NGC 625) were detected by ISO and reported as compact in Brauher et al. (2008) . The LWS and PACS fluxes in Haro 11 agree within 20-40%, the [O i] 63 and [O iii] 88 fluxes in NGC 1569 agree within 10%, while the [C ii] 157 fluxes are found higher with PACS by a factor of 2 and 3 in NGC 625 and NGC 1569, respectively. In those galaxies (especially NGC 1569), the PACS maps show clear extended structure, beyond the LWS beam. Since they were considered as point-sources in the LWS flux extraction and the LWS beam profile is more peaked at 160 µm than at the shorter wavelengths, this may explain why the [C ii] 157 fluxes recovered by PACS are higher. Given that mini maps were performed with PACS for those three galaxies, we are confident that we have better recovered their total fluxes. More generally, no systematic differences between the LWS and PACS fluxes have been established by the PACS instrument team. Therefore in Sect. 3, we compare our PACS data with the LWS data of other galaxies as they are reported in the literature (without correction factors).
Ancillary data
Spitzer IRS spectroscopy
For the modeling carried out in Sect. 4, we compiled mid-IR line fluxes for the compact sources of the DGS, measured both with the low-resolution modules (R ∼ 60 − 127) and with the highresolution modules (R ≈ 600) of the IRS instrument (Houck et al. 2004 ). The line fits were performed assuming a Gaussian profile and constraining the line width to be the instrumental broadening since there is no evidence of lines being resolved. The IRS line fluxes are provided in Appendix C. We provide in the following some details on the spectral extraction.
The low-resolution data were retrieved from the CASSIS spectral database v6 (Lebouteiller et al. 2011) . For point-sources, we used the optimal extraction spectra, which provide the best S/N. For compact sources, we used the tapered column extraction, in which the flux is integrated within a spatial window whose width scales with the source extent and with wavelength. While scaling the width to account for all the emission along the long (cross-dispersion) axis allows a better flux calibration for extended sources, it does not correct for the emission outside the slit along the short (dispersion) axis. For this reason, we have applied a custom flux calibration correction in which we have assumed that sources can be modeled as 2D Gaussians with cropped wings (representing the source function) convolved with the instrument PSF. The fraction of light falling outside the slit is then calculated for all wavelengths and for any source extent.
High resolution spectra were extracted with two methods used by the CASSIS high-resolution pipeline (Lebouteiller et al. in prep.) . For point-like sources we used an optimal extraction similar to the low-resolution algorithm while for extended sources we used a full aperture extraction (integrating the flux falling inside the aperture). For the full-aperture extraction, we decided to use a point-source calibration because in all cases the source is dominated by emission that is not uniform across the slit and that is instead characterized either by a PSF profile or by a broad Gaussian-like profile. The full aperture extraction ensures that all the light entering the aperture is accounted for. While we should in principle also correct for the emission outside the aperture, like for the low-resolution data, the custom flux calibration for the high-resolution spectra of partially-extended sources is not available yet. We chose therefore a correction factor similar to what is used for point-sources in the lack of a better estimate.
Fluxes measured in the low-or high-resolution spectra can differ. While the high-resolution allows in general a more reliable determination of the line fluxes, the low-resolution module slits are better adapted for extended sources. More light enters the low-resolution long slits (SL, LL) than the high-resolution apertures (SH, LH), so when using a point-like source calibration, the high-resolution line fluxes will be smaller than the lowresolution line fluxes. The more extended the source is, the larger this effect. Since the size ratio SH/SL (0.24) is larger than LH/LL (0.14), the effect is also larger for the long-wavelength modules. In Sect. 4, we use line ratios from high-resolution data when available and from low-resolution data otherwise. 
Photometry and reference sample data
In this paper, the dwarf galaxy sample is primarily compared to the ISO LWS extragalactic sample of FIR fine-structure lines from Brauher et al. (2008) (hereafter B08), which is one of the most complete in the literature. The B08 sample contains a larger variety of galaxies than the DGS, with normal starforming galaxies, starbursts, and active galactic nuclei (AGN). We only use their data for unresolved sources, and with clear detections (>3σ). The DGS sample extends the analysis of Brauher et al. (2008) to lower metallicities and less luminous galaxies, as the B08 sample is mostly composed of bright objects. Additionally, we contrast our objects with the ULIRG samples of the Herschel SHINING (Graciá-Carpio et al. 2011) and HERUS (Farrah et al. 2013) surveys.
We study the behavior of the FIR cooling lines of the dwarf galaxies as a function of four important parameters: metallicity, F60/F100, L TIR , and L TIR /L B . The broadband ratio of IRAS flux densities at 60 µm and 100 µm, denoted F60/F100, probes the peak of the SED (which is often at wavelengths shorter than 70 µm in our dwarf galaxies; Rémy-Ruyer et al. 2013) , and thus the dust temperature. L TIR is the total infrared luminosity, measured from 3 to 1 100 µm. It reflects a large part of a galaxy's energy budget and is an indirect probe of the star formation activity. L TIR is commonly used as the proxy for the gas heating (e.g., Rubin et al. 2009 ) since L TIR includes all contributions from the dust emission, and in particular the small grains and PAHs which are the main agents of the gas photoelectric heating. The ratio of the [C ii] and [O i] lines to L TIR is a measure of the photoelectric efficiency, which we discuss in more detail in Sect. 5.2. Finally, L B is the blue band luminosity, corrected for Galactic extinction using the Schlegel et al. (1998) values provided by the NASA/IPAC Infrared Science Archive but not for internal dust attenuation, and converted from the magnitudes reported in Madden et al. (2013) . L TIR /L B relates the stellar light processed by dust to that escaping, i.e. the mean extinction towards the star-forming region. The mean extinction is sensitive to the compactness of the cold surrounding medium and thus to the covering factor of PDRs. We note that we opt for the B-band luminosity rather than FUV in order to have a sufficient number of galaxies with reliable data.
For the normal galaxies (B08, SHINING, and HERUS samples), the IRAS photometry is used to compute F60/F100 and to calculate L TIR using the Dale & Helou (2002) formula. For the compact sample of the DGS, we consider SED integrated values from Rémy-Ruyer et al. (in prep.) for L TIR and observed IRAS fluxes from Engelbracht et al. (2008) for F60/F100 (when available). For the galaxies undetected or not observed by IRAS, we create synthetic IRAS fluxes based on the Herschel photometry and SED modeling of those galaxies, by convolving the SED models with the IRAS response curves. For the extended sample, we create L TIR and synthetic IRAS maps based on the model of Galliano et al. (2011) that we convolve to the largest beam (12 , corresponding to the PACS 160 µm beam size). For the comparison to the spectral lines, we integrate those quantities over the same area mapped for each PACS line.
Although less sensitive, IRAS being an all-sky survey, we prefer to use the IRAS photometry for our analysis with FIR colors rather than the Herschel photometry to ease the comparison with the literature. We list the IRAS and Herschel/PACS band ratios and L TIR in Appendix D. We find median ratios of IRAS60/PACS70 = 0.86 and IRAS100/PACS100 = 1.05. Because the method used to derive L TIR for the B08 galaxies and for the dwarf galaxies is not the same (IRAS formula versus SED modeling), we assess its influence by comparing the results for those galaxies where we can apply both methods (i.e. the dwarf galaxy sample). We find that the difference in the resulting L TIR is small, with a median difference of 15%.
Observed ISM properties
In this section, we present and analyze the correlations between several FIR tracers to identify observational trends in the sample, and link them to general parameters (e.g., metallicity, dust temperature). We focus our analysis on the integrated emission of galaxies. To quantify possible correlations, we compute the Spearman's rank correlation with the IDL procedure r_ correlate only for the compact sample, when it contains more than 8 data pairs. We identify correlations at a significance level of 5%. The interpretation of identified trends is supported by radiative transfer modeling of the photoionized and PDR gas in Sect. 4.
Luminosity of the FIR lines
The [O iii] 88 µm line is found to be very bright in the DGS galaxies and is the brightest line in most cases. This is true, locally in extended sources where the peaks of emission are ∼10 times brighter than the [C ii] 157 µm line (e.g., LMC-30 Dor), and even on galaxy-wide scales. This is surprising, at first, as it requires 35 eV photons to create a O ++ ion while the PDR lines are more easily excited. Bright [O iii] is likely related to the starbursting nature of the dwarfs, which host stars with higher effective temperatures than normal galaxies, as observed by Hunter et al. (2001) We compare the FIR line luminosities with L TIR in Fig. 2 . The emission from the FIR lines is strongly correlated with L TIR (ρ 0.97 in the dwarfs), a result expected since all those quantities scale with the size, i.e. luminosity, of the galaxy. Those correlations being tight further indicates that the bulk of the FIR emission is related to star formation. Calibrating the FIR lines as star formation rate tracers is done in De Looze et al. (2014a) . The dwarfs extend the relation observed, at high luminosities with the ULIRGs from HERUS and SHINING and moderate luminosities with the B08 galaxies, to much lower luminosities, thanks to the sensitivity of Herschel. The dispersion is smaller in the star-forming galaxies than in the ULIRGs, which are known to present a line deficit, especially visible in the HERUS ionic line fluxes (Graciá-Carpio et al. 2011; Farrah et al. 2013) . What is striking in the figure is the offset (∼ 1 dex) between the dwarf galaxies and the ULIRGs from HERUS and SHINING regarding their [O iii] 88 emission. The B08 galaxies fill the gap between the two samples. Moreover, we notice an offset of the DGS sample relative to the B08 sample, with fainter [N ii] 122 emission in the dwarfs.
Effects of metallicity
We correlate the FIR measurements with metallicity in Fig. 3 . As expected from the metallicity-luminosity relationship, the luminosity of the FIR lines increases with metallicity (ρ ∼ 0.65), with large scatter (dispersion ∼0.8 dex The DGS galaxies are represented by filled circles (compact sample) color-coded by metallicity. The red asterisks are the galaxies from Brauher et al. (2008) and the blue asterisks are the low-metallicity sources originally published by Hunter et al. (2001) . The orange rectangles are the HERUS data from Farrah et al. (2013) and the red rectangles are the SHINING data from Graciá-Carpio et al. (2011) . Spearman correlation coefficients applied to the DGS compact sample are indicated in the top left corner (when found above the chosen significance level and with more than 8 data points).
PACS line ratios
We compare the PACS line ratios with FIR color, L TIR , and L TIR /L B for the DGS and B08 samples (Fig. 4) . Median, minimum, and maximum values of the PACS line ratios are summarized in Table 2 . We indicate values for the complete sample (compact and extended objects), compact sample alone, and for the B08 dataset. Overall, the data clearly indicate large real variations in the line ratios as well as systematic offsets in the ionized gas tracers. Our dwarf galaxies show weak trends within the sample, but behave differently than the more metal-rich galaxies as a group (not with respect to metallicity/abundances).
[O iii] 88 and [N ii] 122 are both tracers of the ionized gas, with similar critical densities (∼ 300−500 cm −3 ), but different ionization potentials (35.5 and 14.5 eV, respectively). It is remarkable how the dwarf galaxies occupy a completely different parameter space in [O iii] 88 /[N ii] 122 than the more metal-rich galaxies of the B08 sample. The [O iii] 88 /[N ii] 122 ratio is observed to be high in the dwarfs, with a median value of 86, which is ∼30 times higher than in B08. Our preferred interpretation for this high ratio is the presence of harder radiation fields in the dwarfs. This is supported by the fact that for those dwarf galaxies where we have observed [N iii], the line is also enhanced compared to [N ii]. Secondly, the harder radiation fields naturally lead to warmer FIR color (high F60/F100), as is observed.
is also sensitive to variations in the N/O abundance ratio, which could be low at low metallicities. However, we find no trend of this ratio with metallicity (although [N ii] 122 was not observed in the lowest metallicity galaxies).
We do not find any statistically significant trend within the ensemble of dwarf galaxies between [O iii] 88 /[N ii] 122 and the parameters considered. With higher F60/F100 and lower L TIR on average, the dwarfs do not invalidate the weak trends observed in Brauher et al. (2008) trends with FIR color are weak may indicate a combined effect of harder radiation fields and lower densities, with a contribution of low-density (high and low-excitation) ionized gas to these lines, in addition to the compact H ii regions.
The [N iii] 57 µm line was observed in only four DGS sources (Haro 11, Haro 3, He 2-10, and LMC-N11B), and three of them have both [N iii] (Table 2 ). This ratio is not sensitive to variations in elemental abundances and an indicator of the effective stellar temperature (Rubin et al. 1994) , as it requires 14.5 eV to create N + , and 29.6 eV to create N ++ . Thus higher [N iii] 57 /[N ii] 122 ratios show the presence of harder radiation fields and are expected in dwarfs compared to normal galaxies. Fig. 3 . PACS line fluxes, ratios, and line-to-L TIR ratios as a function of metallicity. The DGS galaxies are represented by filled circles (compact sample) and stars (extended sample), color-coded by metallicity. Spearman correlation coefficients applied to the DGS compact sample are indicated in the top left corner (when found above the chosen significance level and with more than 8 data points). The red, horizontal lines show the mean values of the Brauher et al. (2008) (Malhotra et al. 2001) .
The [O i] line ratio is mainly sensitive to the density and temperature of the neutral gas, and to the optical depth of the cloud (Tielens & Hollenbach 1985) . The median ratio of
is 0.07 in the dwarfs. The range of values is narrow and a little higher than the median value found in the more metal-rich galaxies. We do not find statistically significant trends between the (Fig. 4e) , Table 2 . PACS line and line-to-L TIR median ratios of the DGS galaxies.
Full DGS sample
Compact sample (a) B08 sample PACS line ratio contrary to Hunter et al. (2001) who noted a slight increase with L TIR /L B (on a smaller dataset). The lack of correlation with FIR color is expected as the [O i] line ratio stays constant for a constant G 0 /n H (provided G 0 ≤ 10 4 ). Ratios higher than 0.1 are only found in two galaxies (0.17 in VII Zw 403, at a 3σ level, and 0.11 in LMC-N159), and are usually explained by noticeable optical depth effects on the [O i] 63 µm line (Malhotra et al. 2001; Hunter et al. 2001; Röllig et al. 2006; Kaufman et al. 2006 ). On integrated scales, optical depths are not high in the dwarfs (A V ≤3 mag; Abel et al. 2007 ).
As observed in earlier studies of dwarf irregular galaxies by Hunter et al. (2001) within the ensemble of dwarf galaxies. The DGS galaxies as a group occupy a different parameter space than the B08 galaxies (Fig. 4f) Lebouteiller et al. 2012; Chevance et al. in prep.; Karczewski et al. in prep.) indicating the presence of low density channels where the hard UV photons can travel far (>20 pc) to excite the gas. The dwarf galaxies are probably mostly filled, by volume, with ionized gas, with densities likely below ∼510 cm 0.02 and the fraction of [C ii] arising from the ionized gas is small (Karczewski et al. in prep.) . Therefore we estimate that, typically, less than 15% of the [C ii] emission arises in the ionized gas. Although the ionized gas fills a large volume in the dwarf galaxies, its excitation state is too high for C + to be present. Lower N/O abundance at lower metallicity (e.g., Liang et al. 2006) requires multiphase modeling which is beyond the scope of this paper.
3.4. FIR fine-structure line-to-L TIR ratios 3.4.1. General remarks
In Fig. 5 , we show ratios of PACS line-to-L TIR versus F60/F100, L TIR 2 , and L TIR /L B to investigate variations in the cooling by the gas and dust.
The line-to-L TIR ratios are found high in the dwarf galaxies, at least twice as high as in the B08 galaxies Table 2 ). Among the highest points are the extended galaxies, in which we have zoomed on the most active star-forming regions. Excitation by the young massive stars results in bright FIR lines, while the dust can still emit significantly further from the active regions. Line-to-L TIR ratios would probably be lower for the LMC in its entirety. In more quiescent regions of the extended galaxies, line-to-L TIR ratios are lower in general. This is especially the case for [O iii] and [O i], and less for [C ii] because of the contribution from diffuse emission to the total [C ii] flux. Rubin et al. (2009) 
for the entire LMC, which is close to our average extended sample value. High ratios for the compact objects may therefore indi-cate that star-forming regions clearly dominate the overall emission of the galaxy.
values span an order of magnitude, from 0.1 to 1.7, with average value of 0.50%. The dwarf galaxies are at the high end of the B08 sample. The dwarfs also extend the trend observed in B08 of [O iii] 88 /L TIR decreasing with increasing L TIR and L TIR /L B , which is weaker for the dwarfs (ρ −0.4) than for the B08 galaxies (Fig. 5) Fig. 4f ). Because both of these lines are directly related to star formation, we rule out this interpretation. It is also possible that L TIR /L B does not directly measure the covering factor of the star-forming regions if there is a significant contribution from field stars to the B-band luminosity. We have tested this possibility by making similar diagrams for galaxies with available K-band (field star dominated) and FUV (young stars) data. We find that [O iii]/L TIR is actually more strongly correlated with L TIR /L FUV than with L TIR /L B and uncorrelated with L TIR /L K , which favors an interpretation in terms of UV escape fraction. Thus the correlations are best explained by the combination of high stellar effective temperature on galaxy-wide scales, resulting in high [O iii] emission, and en- F60/F100. They attribute this increase in warmer galaxies to a higher density of H ii regions. As discussed in Sect. 3.3, [O iii] may also originate from low-density ionized gas, hence flattening the relation in dwarfs. 
([C ii] +[O
spans values from 0.4 to 2.1, with a median of 1.03. This is about 3 times higher than in the B08 sample. The sum of [C ii] +[O i] 63 +[O iii] may be regarded as the budget of the gas cooling (not a proxy for the photoelectric efficiency), which is clearly enhanced in the dwarfs, and L TIR as the total dust cooling.
Following the previous remarks, this ratio is uncorrelated with FIR color, as [O iii] dominates the FIR line cooling and no relation was found for [O iii]/L TIR , but it clearly anti-correlates with L TIR and L TIR /L B (ρ −0.6, −0.7). The DGS galaxies extend the trends observed in the B08 sample.
Summary of correlation analysis
In summary, the dwarfs present
ratios, which set them apart as a group from metal-rich galaxies. Within the ensemble of dwarfs, we do not find evident correlations between their FIR emission and the considered parameters (metallicity, F60/F100, L TIR , L TIR /L B ), which indicates that their observed properties are not controlled by a single parameter.
The interpretation of the observed trends is not straightforward since several factors act and compete in the emission of the cooling lines and L TIR . These factors include cloud physical conditions, mixing of ISM phases, geometry, dust properties, and photoelectric efficiency. They all play a role to some extent since the observed ratios are values integrated over full-size galaxies.
Trend analysis with radiative transfer models
In this section, we characterize the range of physical conditions describing the ISM, more specifically the H ii region and the PDR, of the DGS galaxies. We aim to interpret the observed group behavior in Sect. 3 with radiative transfer modeling, and in particular, to identify how the parameter space of average physical conditions change compared to metal-rich galaxies.
We note that there is no study on large samples of galaxies that self-consistently models the H ii region and the PDR, besides the work on IR luminous galaxies by Abel et al. (2009) and Graciá-Carpio et al. (2011) and on individual objects in Kaufman et al. (2006) . We aim for a general comparison of the metal-rich and metal-poor datasets, and leave the detailed ISM modeling of the dwarf galaxies for Paper II.
Line ratios and typical conditions in metal-rich galaxies
For the PDR properties of "normal" metal-rich galaxies, we only use entries from Brauher et al. (2008) that have L TIR between 10 9 and 10 12 L (∼130 galaxies) to exclude extreme sources. More than half of that sample, comprising normal, starburst, and AGN galaxies was analyzed by Malhotra et al. (2001) and Negishi et al. (2001) , who constrained the physical conditions in the PDR using the Kaufman et al. (1999) models and found n H 10 2−4.5 cm −3 and G 0 10 2−4.5 . In the comparison to PDR models, Malhotra et al. (2001) and Negishi et al. (2001) correct for a non-PDR contribution to the [C ii] emission which is on the order of 50%. In the dwarfs, we have estimated in Sect. 3.3.6 that this fraction is likely <15%. We apply a correction of 10% for non-PDR [C ii] emission to our sample.
For the H ii region properties of metal-rich galaxies, we refer to the studies on MIR ionic lines of the Spitzer Infrared Nearby Galaxies Survey (SINGS; Dale et al. 2009 ) and of the luminous IR galaxies from GOALS (Inami et al. 2013 ). We consider neon and sulphur measurements for the galaxies in the luminosity range L TIR 10 9 − 10 12 L (∼190 sources). (Giveon et al. 2002; Verma et al. 2003; Groves et al. 2008) . A typical solution for the H ii region of those metal-rich galaxies has an electron density n e 350 cm −3 and ionization parameter log U −3 (Dale et al. 2009; Inami et al. 2013 ). For comparable constraints on the H ii region properties in the dwarf galaxies, we use the IRS fluxes extracted for the compact DGS galaxies in Sect. 2.2. Table 3 lists the median line ratios for the metal-rich and metalpoor galaxies.
We refer to the H ii region and PDR conditions for normal galaxies as the metal-rich fiducial model (Table 3) .
Model parameters
We model the H ii region and PDR simultaneously with the spectral synthesis code Cloudy v.13.03 (Ferland et al. 2013 ). The geometry is 1D spherical, consisting of the central source of energy surrounded by a cloud of material. The source of radiation is chosen as a young starburst that we simulate with Starburst99 (Leitherer et al. 2010) . Following Dale et al. (2009) , we adopt a 10 Myr continuous star formation scenario (with a Kroupa IMF and Geneva stellar tracks), and fix its luminosity to 10 9 L . Median IRS line ratios with their dispersions in parenthesis, measured as 1.5 times the median absolute deviation in logarithmic space (Dale et al. 2009 and Inami et al. 2013 for the metal-rich galaxies; this work for the low-metallicity, DGS galaxies). ISM abundances are taken from Cowie & Songaila (1986) ; Savage & Sembach (1996) ; Meyer et al. (1998) . The model parameters of the metal-rich sample are from Dale et al. (2009) and Inami et al. (2013) for the H ii region, and from Malhotra et al. (2001) and Negishi et al. (2001) for the PDR. R S, eff is the effective radius of the H ii region.
We vary the following physical conditions: the hydrogen density (n H ; from 10 1.0 to 10 5.0 cm −3 in increments of 0.5 dex) and the inner radius (r in ; from 10 19.7 to 10 22.0 cm, or 15 pc to 3,200 pc, in increments of 0.3 dex), which is the distance between the starburst and the surface of the modeled ISM shell. For each model, we compute U, G 0 , and the IRAS F60/F100 band ratio. The FIR color is strongly correlated with the ionization parameter U which is varied through the density and radius.
It is defined as
, where Q(H) is the number of ionizing photons and c is the speed of light. G 0 is the intensity of the FUV radiation field taken at the PDR front, in units of 1.6 × 10 −3 erg cm −2 s −1 (Habing 1968 ). The gas-phase abundances are representative of the ISM (averages of observations in our galaxy), with Z ISM = 12 + log(O/H) = 8.5, and given in Table 3 . The grain composition and size distribution are assumed typical of the galactic ISM, with R V = 3.1 (Weingartner & Draine 2001) . The dust-to-gas mass ratio is 6.3 × 10 −3 and the PAH abundance (number of grains per hydrogen) is PAH/H = 1.5 × 10 −7 (Abel et al. 2008 ), corresponding in mass to M(PAH)/M(dust) = 0.02. The mean metallicity measured in the DGS sample with the Pilyugin & Thuan (2005) calibration is 12 + log(O/H) = 7.9. In the SINGS galaxies, it is 12 + log(O/H) = 8.4 with the Pilyugin & Thuan (2005) calibration and 12 + log(O/H) = 9.0 with the Kobulnicky & Kewley (2004) calibration (Moustakas et al. 2010) , with larger discrepancies in the methods for massive galaxies (Kewley & Ellison 2008) . Therefore we take for representative metallicity of the metal-rich galaxies 12 + log(O/H) = 8.7. We run two grids of models, one at metallicity 0.25 Z ISM for the dwarf galaxies, and one at metallicity 2 Z ISM for the metal-rich galaxies. For the model grids, the metallicity of the stellar tracks as well as the metal, grain, and PAH abundances in Cloudy are scaled to the metallicity of the model (0.25 or 2). We also include a turbulent velocity of 1.5 km s −1 , as done in Kaufman et al. (1999) .
All models are stopped at an A V of 10 mag (corresponding to a column density of N(H) = 10 23 and 10 22 cm −2 for the low and high-metallicity grids, respectively), to ensure that they go deep enough in the PDR. We note that the main PDR tracers are mostly formed at lower A V and changing the column density around those values does not change their emission significantly. The grids are generated assuming constant density. Figure 6 shows the model results for the high and low-metallicity grids. To extract information on the ISM properties, we concentrate on the following ratios:
Model results
The IRAS F60/F100 band ratio and the G 0 of the models are also plotted. To ease the comparison with the literature, we plot quantities in the H ii region as a function of U and in the PDR as a function of G 0 . First of all, we notice that all observed ratios (except [O iii]/L TIR ) are covered by the model grids, hence we can identify a parameter space that is favored for the dwarfs. Fiducial model parameters for the high and low-metallicity cases are given in Table 3 .
Conditions in the H ii region: high-metallicity case
In the high-metallicity case (left panel of Fig. 6 ), the fiducial model for the H ii region agrees partially with the observed IRS line ratios of metal-rich galaxies. may be used as an indicator of the hardness of the radiation field as an alternative to the IRS ratios. This model also predicts that about 10% of the [C ii] emission is originating in the ionized gas, while Malhotra et al. (2001) and Negishi et al. (2001) estimated a ∼50% contribution using the A&A proofs: manuscript no. cormier_dgs_spectro [N ii] 122 line alone. Since we have taken into account multiple ionic lines, our derivation of the H ii region properties is more robust and the previous ionized gas [C ii] fractions may have been over-estimated. Alternatively, an unmodeled low-density, low-ionization component may increase this fraction by emitting more [C ii] (and [N ii]), but is not necessary here to match the observations. ratios are higher in the dwarf galaxies than in metal-rich galaxies, which is a clear indication of harder radiation fields (e.g., Madden et al. 2006) . At low metallicity, the model predictions for those line ratios are higher by a factor of ∼5 than in the high-metallicity grid (for a given set of n H and U) because the radiation field of the starburst is harder. This can be seen by the shift of position of the red star from the left to the right panels in Fig. 6 . Even with the change of the starburst metallicity, the observations still require higher U to better match the observed [O iii]/[N ii] 122 ratio. While log U = −3 agrees well with the observed ratios in normal galaxies, log U = −2.5 agrees better with observations for the dwarf galaxies. The [Ne iii] 15 /[Ne ii] 12 and [S iv] 10 /[S iii] 18 ratios are slightly over and under-predicted, respectively, by the model, as in the high-metallicity case. Going to higher U, the [O iii]/L TIR , which is also higher in the dwarfs than in the normal galaxies, is then better reproduced by marginally lower densities (n H 10 2 cm −3 ), but at the expense of a less well predicted [S iii] line ratio. As a best compromise, we take log U = −2.5 and n H = 10 2 cm −3 as parameters for our fiducial low-metallicity H ii region model. In those conditions, our fiducial model predicts that only 1% of the [C ii] emission is originating in the ionized gas for the dwarf galaxies. However, the [O iii]/L TIR ratio remains under-predicted by all the grid models. We discuss the origin of this major discrepancy in Sect. 5.
Conditions in the H ii region: low-metallicity case
Conditions in the PDR: high-metallicity case
In the PDR, the ratios of
]/L TIR are sensitive to both density and G 0 . With n H 10 3.5 cm −3 and log G 0 3.3, the fiducial PDR model for metal-rich galaxies matches well all three ratios (bottom, left panels of Fig. 6 ). This diagram also shows that, if more [C ii] emission were originating from the PDR than the 50% assumed here, reducing the density and G 0 values by 0.5 dex would suffice.
However, the F60/F100 band ratio is over-predicted by a factor of ∼2 for the metal-rich galaxies. Contrary to the dwarfs, a substantial fraction of the dust emission at wavelengths ≥100 µm may not be related to the star-forming regions in normal galaxies (e.g., Dale et al. 2007; Bendo et al. 2012a Bendo et al. , 2014 De Looze et al. 2014b) . If old stars contribute to dust heating, and thus to the FIR emission, the line-to-L TIR ratios associated with the star formation would be higher than observed, which would imply a lower G 0 than deduced currently. Alternatively, since F60/F100 is sensitive to A V and all models are stopped at A V of 10 mag, the IRAS band ratios of the normal galaxies may be under-estimated by the models.
Conditions in the PDR: low-metallicity case
Considering the low-metallicity case, the predictions for
decrease by a factor of ∼2 (bottom, right panel of Fig. 6 ) owing to a decrease in the PDR temperature (Röllig et al. 2006) . Moreover, in the models with U ≥ 10 −2 , we observe two effects. First, those models have low densities and as a consequence the thickness of the cloud becomes larger than the inner radius. As a result, there is significant geometric dilution of the UV radiation field. The C + and O 0 emitting layers are larger, and thus [C ii]/L TIR and [O i]/L TIR ratios are high. Second, regardless of metallicity, there is more dust absorption in the H ii region at those high-U values (Abel et al. 2009) , and thus little increase of G 0 in the PDR for increasing U. As a consequence, the predicted ratios of and log G 0 2.5 is adequate to reproduce all three ratios. This PDR solution agrees with the observed F60/F100 band ratio for the dwarfs.
Discussion
Interpretation in terms of ISM structure
The fiducial models imply different sizes for the low-metallicity and high-metallicity components (Table 3 ). The ionic lines are emitted by a modeled shell, for which the size can be converted to an effective Strömgren radius R S, eff . which can be thought of as a cumulative volume of H ii regions in a galaxy. As an example, for the high-metallicity case, R S, eff of 16 pc corresponds to about one hundred H ii regions if we consider each to have a typical radius of 3-4 pc. Because the fiducial low-metallicity H ii region model has harder radiation field and lower density, we find that its effective radius is three times larger than that of the high-metallicity H ii region. The depth of the PDR, defined as the location where the gas is half atomic half molecular, is similar in the low-metallicity and high-metallicity ISM. However, the low-metallicity PDR is located further away. Discrepancies in the predicted [O iii]/L TIR ratios between the high and low-metallicity grids are mainly due to a reduced gasphase metallicity. This reduces the absolute [O iii] emission produced in the H ii region, while both grids of models have the same, fixed input luminosity which is fully reprocessed in the PDR, exiting as L TIR (no escaping UV). To increase the predicted ratios of ionic lines to L TIR and better match the observations, we would need to reduce significantly the mean A V of the models. This can be achieved by accounting for an escape fraction, reducing the covering factor of the PDR (hence L TIR and the average column density). In other words, the emission from the PDR must be reduced relative to that of the H ii region, by a factor of approximately 3 in our case (for the green star to fall on the observed median [O iii]/L TIR value in the right panel of Fig. 6 ). Lower PDR covering factors were also required in the detailed, multi-phase modeling of Haro 11 (Cormier et al. 2012) . The fact that the median value of L TIR /L B , which represents the fraction of obscured/unobscured emission, is ∼2 in the B08 galaxies and 0.7 in the DGS galaxies corroborates our finding of lower PDR covering factors for the low-metallicity models. This also confirms the observed trend of
The high escape fraction in dwarf galaxies is also observed in their SEDs (e.g., Galliano et al. 2008) .
The higher ratios of [O i] and [C ii] to L TIR indicate lower U in the low-metallicity PDR, which can be interpreted as a change of ISM configuration. Since the H ii region and PDR low-metallicity fiducial models have the same G 0 (see Fig. 6 ), placing the PDR adjacent to the H ii region and increasing the density would result in lowering U. In the high-metallicity fiducial model, G 0 is higher in the PDR than in the H ii region, which would require to place the PDR inside the H ii region. Combined with the fact that the low-metallicity H ii region fills a larger volume than the high-metallicity H ii region, this implies that the minimum distance of the low-metallicity PDR to the starburst should be 6 times larger than in the high-metallicity setting. The increase in the typical PDR distance is a natural consequence of a lower covering factor.
These considerations highlight a change in the ISM structure and PDR distribution of low-metallicity galaxies, where the filling factor of ionized gas relative to the PDRs is higher than in metal-rich galaxies. The extent of the H ii region is bigger and the UV photons travel larger distance before they reach a PDR clump.
Interpretation of the [C ii]/L TIR and [O i]/L TIR trends
In Sect. 3.4, we observed that the line-to-L TIR ratios decrease with increasing L TIR and L TIR /L B , and that [C ii]/L TIR is anticorrelated with F60/F100. Using the PDR models, we discuss which physical effects dominate in producing these trends.
Line-to-L TIR ratios have been studied extensively in massive galaxies (normal, star-forming galaxies and ULIRGs). They give the budget of the gas cooling over the dust cooling. The (
)/L TIR ratio, a common measure of the photoelectric efficiency in the PDR, is observed to vary (see Fig. 5 ), with a clear deficit of [C ii]/L TIR in ULIRGs (Luhman et al. 2003; Díaz-Santos et al. 2013) , and FIR lines in general (Graciá-Carpio et al. 2011) , as well as a decrease with FIR color in star-forming galaxies (Malhotra et al. 2001) . Several hypotheses to explain the apparent line deficit in galaxies include (1) more dust screening at high ionization parameter (Luhman et al. 2003; Abel et al. 2009 ); (2) lower photoelectric efficiency due to charged small dust grains under intense radiation fields (Malhotra et al. 2001; Croxall et al. 2012) ; (3) lower photoelectric efficiency due to a decrease in the PAH abundance under hard radiation fields (Madden et al. 2006; Rubin et al. 2009 ); and (4) large dust optical depths leading to extinction of the emission lines (Papadopoulos et al. 2010; Rangwala et al. 2011) . The dwarf galaxies extend the relative importance of the gas cooling to high values. Here, we aim to investigate which of those interpretations can explain the difference from the normal to the dwarf galaxies.
Because of their low dust content, variations in grain abundances and charging could affect the photoelectric efficiency dramatically in the dwarf galaxies. The quantity L TIR sums emission from several grain populations: from the big grains (predominantly) to the very small grains and PAHs, which are the most important for the photoelectric heating (Bakes & Tielens 1994) . Those grains emit from all ISM phases, and the fraction originating in the PDRs themselves is unknown. Star-forming dwarf galaxies generally exhibit enhanced small grain abundances (Galliano et al. 2003) , which correlate with H ii regions, and reduced PAH abundances, which mostly trace the PDR, as a result of the hard radiation fields (Madden et al. 2006) . Thus those two populations may balance their relative contribution in the photoelectric effect. Moreover, the mean free path of UV photons in low-metallicity environments is larger, resulting in a UV field dilution over larger spatial scales, which reduces grain charging (Israel & Maloney 2011) . Sandstrom et al. (2012) find that, even though their abundance is reduced, PAHs are generally more neutral in the star-forming regions of the SMC than in typical spiral galaxies. Lebouteiller et al. (2012) examine both spatial distributions of ([C ii] 157 +[O i] 63 ) with L TIR and PAH emission in the star-forming region N11 B of the LMC, and find that PAH emission traces best the gas heating as compared to L TIR . The net result of those considerations is that, overall, the observed ([C ii] 157 +[O i] 63 )/L TIR ratios are high in the dwarfs (even if we subtract a small contribution of the ionized gas to the [C ii] emission), indicating either relatively efficient photoelectric heating or non-photoelectric excitation of these lines (cosmic rays, X-rays, etc.). The ratios tend to flatten out to 1% at low luminosity, which could indicate a ceiling on the photoelectric efficiency. The influence of more involved changes to the modeling (decrease of PAH abundance, grain size distribution, or X-ray illumination) will be examined in Paper II. Here we conclude that a simple change in geometry, by putting the cloud further away, with viable density and illumination conditions can suffice to explain the high observed line-to-L TIR ratios.
[C ii]/L TIR and, to a lesser extent, [O i] 63 /L TIR decrease as G 0 increases (Fig. 6) . Two main effects are responsible for that: the increased grain charging and increased dust-to-gas opacity which cause a larger fraction of the radiation to go into heating the dust. The dwarfs show high [C ii]/L TIR and [O i]/L TIR because G 0 and G 0 /n H (which traces grain charging) are lower in the low-metallicity PDR than found in normal galaxies (Malhotra et al. 2001 Overall, the low-metallicity PDRs are described by a low-G 0 regime accompanied by a density increase. This low G 0 /n H causes UV field dilution and reduces grain charging (Israel & Maloney 2011) . The proposed changes in ISM structure can therefore explain the higher line-to-L TIR ratios found at lower L TIR and L TIR /L B (i.e. increased porosity with lower filling factor of dense phases), as noted in Sect. 3.4.
Conclusions
We present observations of the FIR fine-structure cooling lines [C ii] indicates, independently of elemental abundance variations, the filling factor of ionized/neutral phases, which we find high in the low-metallicity star-forming galaxies. for compact and fully mapped extended galaxies (compact sample), and surface brightness in W m for partially mapped extended galaxies (extended sample).
Upper limits are 3σ levels. Beam sizes are 9.5 at 57, 63, and 88 µm, 10 at 122 µm, 11 at 145 µm, 11.5 at 157 µm, and 14.5 at 205 µm. (b) Correction factor derived from the PACS 100 µm maps to apply in order to account for the fraction of line emission outside of the coverage of our observations. All galaxies with emission at the edges of the PACS observations are indicated with the symbol (*), and we report correction factors if missing more than 15% of the total flux. For NGC 1140, this factor has to be applied for all fluxes but [C ii] because it corrects for a different line coverage (see Sect. 2.1.7 for details).
We note that for UM 311 and NGC 4861, the PACS fluxes and correction factors are measured at the position of the main H Corr. factor (b) [ Table 4 . Line fluxes of the DGS galaxies.
Source Name Extraction (a) Observed Spectral Line
Corr. factor (b) [
n.a.
3.53 ± 0.04 (×10 
